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CHAPTER XII
S U M M A R Y
Dopamine  (OA)  p l ays  an  impo r tan t  r o l e  i n  neu ro t ransm iss i on  p rocesses  i n  t he
b ra i n .  An  i n t e rac t i on  w i t h  dopam ine rg i c  mechan i sms  has  been  repo r t ed  f o r
seve ra l  psychopha rmaco log i ca l  agencs ,  e .g .  neu ro l ep t i c s ,  psychos t imu lan t s  l i ke
a rnphe tam ine  and  ana lges i cs .  IE  rTas  t he  a im  o f  t he  expe r imen ts ,  desc r i bed  i n
t h i s  t hes i s ,  t o  con t r i bu te  t o  i ns i gh t  i n  t he  way  cen t ra l l y  ac t i ng  d rugs  i n t e r -
ac t  w i t h  DA  me tabo l i sm  i n  t he  d i f f e ren t  dopam ine rg i c  sys tems  i n  t he  b ra i n .
I n  Chap te r  I  va r i ous  da ta  cons i s t en t  w i t h  t he  assump t . i on  t ha t  DA  ac t s  as  a
neu ro t ransm i t t e r  we re  b r i e f l y  summar i zed  and  some  aspec rs  o f  t he  me tabo l i sm
and curnover of  DA have been discussed. Chapter I  fur ther surrnar ized the s ig-
n i f i cance  o f  some  c l i n i ca l  chem ica l  f i nd i ngs  i n  r e l a t i on  t o  cen t ra l  DA  me ta -
b o l i s m .
In  Chap te r  I I  a  sem iau toma ted  f l uo r ime t r i c  assay  f o r  homovan i l l i c  ac i d  (HVA)  i s
desc r i bed ,  The  me thod  i s  based  on  a  r ap id  nanua l l y  pe r f o rmed  i so l a t i on  o f  HVA
on  sma11  co lumns  o f  Sep i r adex  G l0  and  an  au toma ted  f l uo r ime t r i c  de tec t i onme thod .
The method permits the determinat ion of  HVA in the str iatum, nucleus accum-
bens  and  t ube rcu tum o l f ac to r i um  o f  a  s i ne le  r ac  b ra i n .
The  i n f l uence  o f  such  va r i ous  HVA- i nc reas ing  d rugs  as  neu ro lep t i c s ,  mo rph ine
and  cho l i nom ime t i cs  vTas  s tud ied  i n  t he  s t r i a t a l  and  meso l imb i c  dopam ine rg i c
sys tems  (Chapce r  I I I ) ,  The  resu l t s  sugges ted  t ha t  no t  on l y  unde r  no rma l  cond i -
t i ons  bu t  a l so  a f t e r  t r ea tmen t  w i t h  va r i ous  t ypes  o f  d rugs  and  comb ina t i on  o f
d rugs ,  dopam ine  ne tabo l i sm  as  re f l ec ted  by  t he  HVA l eve l s ,  i s  c l ose l y  r e l a ted
in  t he  d i f f e ren t  r a t  b ra i n  s t r uc tu res .
To  ach ieve  a  mo re  comp le te  p i c t u re  o f  DA  me tabo l i sm ,  we  deve loped  a  sens i t i ve
s imu lEaneous  assay  o f  3 ,4 -d i hyd roxypheny lace t i c  ac i d  (DOPAC)  and  HVA based  on
the  i so l a t i on  o f  t he  me tabo l i I es  on  Sephadex  G l0  co lumns  (Chap te r  IV ) .  These
assays  we re  app l i ed  t o  a  s t udy  o f  t he  i n f l uence  o f  amphe tam ine ,  apomorph ine ,
morph ine ,  oxo t remor i ne ,  p robenec id  and  va r i ous  neu ro lep t i c s  on  DOPAC and  HVA
1eve1s  i n  t he  s t r i a t um,  nuc leus  accumbens  and  l ube rcu lum o i f ac to r i um .  C loza -
p i ne ,  r no rph ine ,  su l p i r i de  and  oxo t reno r i ne  i nduced  t he  mos t  p ronounced  r i se  o f
DA  me tabo l i t es  i n  t he  nuc leus  accumbens .  P robenec id  p roduced  a  DOPAC accumu la -
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t i on  i n  t he  nuc leus  accumbens .  S t r i k i ng  d i f f e rences  we re  obse rved  be tween  t he
DOPAC/HVA ra t i os  i n  t he  d i f f e ren t  s t r uc tu res  i n  con t ro l  an ima l s .
I n  Chap te r  V  t he  d i sappea rance  o f  DOPAC and  HVA f r om the  b ra i n  o f  r a t s  t r ea led
w i t h  a  monoamine -ox idase  i nh ib i t o r  o r  a  monoamine -ox idase  i nh ib i t o r  i n  comb ina -
t i on  w i t h  a  ca techo l -O -me thy l -E rans fe rase  i nh ib i t o r  was  sLud ied .  The  t u rnove r
o f  t he  me tabo l i t es  was  ca l cu l a ted  by  mu l t i p l y i ng  t he  s teady  s ta re  l eve l  by  t he
f rac t i ona l  r a te  cons tan t .  The  DoPAC tu rnove r  was  f ound  t o  be  23 .3  nmo l / g /h  i n
t he  s t r i a t um and  22 .6  nmo l / g /h  i n  t he  meso l imb i c  s t r uc tu res ,  The  HVA tu rnove r
w a s  l l . 2  n m o L / g / h  i n  c h e  s c r i a t u m  a n d 6 . 7 n m o 1 / g / h  i n r h e  m e s o l i m b i c  s t r u c t u r e s .
The  da ta  showed  t ha t  unde r  con t ro l  cond i t i ons  DOPAC i s  on l y  pa r t i a l l y  O -
methylated to HVA, whi le format ion of  HVA via the 3-methoxytyramine pathway is
un l i ke l y .  DOPAC tu rnove r  t he re fo re  p robab l y  app rox ima tes  DA  tu rnove r .
I n  Chap te r  V I  we  i nves t i ga ted  t he  l oca l i za t i on  o f  DOPAC and  HVA i n  va r i ous
co r t i ca l  a reas .  Con f i rm ing  recen t  b i ochem ica l  and  h i s t ochem ica l  f i nd i ngs  ou r
s tudy  showed  t he  p resence  o f  DA  me tabo l i sm  i n  ce r t a i n  co r t i ca l  r eg ions  o f  t he
ra t  b ra i n .  Va r i ous  d rug  t r ea tmen ts  sugges ted  t ha t  DA  me tabo l i sm  i n  t he  f r on ta l
c o r t e x  s h o w s  s i m i l a r i t i e s  t o  t h a t  i n  m e s o l i m b i c  t i s s u e .
In Chapter VI I  the inf luence of  var ious drugs on DOPAC and HVA levels in the
subs tan t i a  n i g ra  and  sL r i a t um o f  t he  raE  b ra i n  was  s tud ied .  P rome thaz ine
c rea tmen t  caused  a  sma l l  bu t  s i gn i f i can t  HVA  r i se  i n  t he  subs tan t i a  n i g ra  on1y .
Ch lo ra l hyd ra te ,  mo rph ine  and  oxo t remor i ne  i nduced  a  s im i l a r  pe rcen tage  change
in  t he  me tabo l i t e  l eve l s  i n  t he  subs tan t i a  n i g ra  as  we l l  as  i n  t he  s t r i a t um.
The  t ime -e f f ec !  cu r ves  f o r  t he  subs tan t i a  n i g ra  showed  an  i n i t i a l  r ap id  HVA
r i se ,  wh i ch  was  no t  obse rved  i n  t he  co rpus  s t r i a t um,  Ha lope r i do l ,  howeve r ,
caused  a  sma l l  pe r cen tage  change  i n  t he  me tabo l i t e  l eve l s  i n  t he  subs tan t i a
nigra when compared to the pronounced r ise seen in rhe str iatum. The apomor-
ph ine - i nduced  t lVA  dec rease  obse rved  i n  bo th  s t r uc tu res  p rov i des  ev i dence  f o r
t he  p resence  o f  a  DA  recep to r  i n  t he  subs tan t i a  n i g ra .
HVA levels \^ /ere measured in the eye and the str iatum (Chapter VI I I )  of  un-
t r ea ted  ra t s  and  a f t e r  d i f f e ren t  d rug  t r ea tmen ts .  Neu ro lep t i c s  i nc reased  HVA
leve1s  i n  bo th  s t r uc tu res ,  whe reas  apomorph ine  dec reased  HVA l eve l s  i n  t he
re t i na  and  t he  s t r i a t um.  Mo rph ine  and  oxo t remor i ne  i nduced  a  r i se  o f  HVA
leve l s  i n  t he  s t r i a t um bu t  no t  i n  t he  re t i na .  We  conc luded  t ha t  compar i son  o f
t he  e f f ec t  o f  va r i ous  d rugs  on  DA  rneLabo l i sm  i n  t he  re t i na  and  t he  s t r i a t um
can  d i f f e ren t i a t e  be tween  d rugs  whose  acc ion  i s  dependen t  on  o r  i ndependen t  o f
t he  connec t i ons  o f  dopam ine rg i c  neu rons  w i t h  o the r  neu rona l  sys tems .
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I n  Chap te r  IX  we  have  ex tended  ou r  obse rva t i ons  on  reg iona l  DA  me tabo l i sm  by
s t u d y i n g  t h e  i n f l u e n c e  o f  5  n e u r o l e p t i c s ,  4  a n c i - d e p r e s s a n t s ,  4  a n t i - e p i l e p -
* ! ^ ^  L  ^ ^ ^ ^ t s r ^ F : ^ ^L !LJ ,  r  ,  p rop rano lo l  and  t he  an t i - eme t i c  agen t  me toc lop ram ide  on
DOPAC and  HVA l eve l s  i n  t he  s t r i a t um,  nuc leus  accumbens  and  t ube rcu lum o l f ac -
t o r i um  o f  t he  ra t  b ra i n .  To  i ndex  d rugs  acco rd i ng  t o  t he i r  r e l a t i ve  po tency
fo r  i nc reas ing  DA  me tabo l i t es  i n  s t r i a t a l  ve r sus  meso l imb i c  b ra i n  s t r uc tu res
we  ca l cu l a ted  ra t i os  o f  pe rcencage  DOPAC and  HVA i nc rease  be tween  t he  s t r i a t um
and  t he  two  meso l imb i c  s f r uc tu res .  Ou r  ea r l i e r  s t ud ies  on  t h i s  sub jec t  we re
inc l uded  i n  t h i s  ca l cu l a t i on .  We  we re  ab le  t o  con f i rm  t ha t  neu ro l ep t i c s  w i t h  a
l ow  f r equency  o f  ex t r apy ram ida l  s i de -e f f ec t s  ( c l ozap ine ,  t h i o r i daz ine  and  su1 -
p i r i d e )  a r e  d i f f e r e n t i a t e d  f r o m  t h e  c l a s s i c a l  n e u r o l e p t i c s  b y  t h e i r  a b i l i t y  t o
p roduce  a  r e l a t i ve l y  l a rge  i nc rease  i n  DOPAC and  HVA l eve l s  i n  t he  t l l o  meso -
I imb i c  r eg ions .  Howeve r ,  t he  l 4  non -neu ro lep t i c  d rugs  i nves t i ga ted  a l 1  p ro -
duced  a  r e l a t i ve l y  l a rge  i nc rease  o f  t he  dopam ine  me tabo l i t es  i n  t he  t i * ' o  meso -
l imb i c  r eg ions .  We  t he re fo re  conc luded  t ha t ,  a l chough  t he re  i s  c l ea r l y  a
d i s t i nc t i on  be tween  t he  pa t t e rn  o f  r eg iona l  DA  rne tabo l i sm  i n f l uenced  by  c l oza -
p i ne ,  su l p i r i de  and  t h i o r i daz ine  on  t he  one  hand  and  by  t he  c l ass i ca l  neu ro l ep -
t i c s  on  t he  o the r ,  such  an  acc i on  i s  no t  spec i f i c  and  i s  t he re fo re  no t  neces -
s a r i l y  r e l a t e d  t o  t h e  a n t i p s y c h o t i c  a c t i o n s  o f  t h e s e  n e u r o l e p t i c s .
Chap te r  X  dea l s  w i ch  t he  e f f ec t s  o f va r i ous  m idb ra i n  l es i ons  on  t he  regu la t i on
o f  DA  me tabo l i sm ,  We  conc lude  t ha t  t he  desc r i bed  pa l l i do -n i g ra l  f eed -back  l oop
i s  no t  i nvo l ved  i n  t he  regu la t i on  o f  DA  Eu rnove r  f o l l ow ing  t r ea tmen !  o f  r a t s
w i t h  a rnphe tam ine ,  apomorph ine ,  ha lope r i do l ,  mo rph ine .o r  oxo t remor i ne .  The
d rama t i c  and  ve ry  acu te  i nc rease  o f  s t r i a t a l  DOPAC and  HVA l eve l s  wh i ch  we  ob -
se rved  a f t e r  pa r t i a l  l e s i on ing  o f  t he  dopam ine rg i c  axons ,  i l l u s t r a tes  t ha t
d o p a m i n e r g i c n e u r o n s d o n o t a c t  i n a n u n c o o r d i n a t e d  f a s h i o n ,  a n d  t h a t  v e r y  r a p i d -
1y  ac t i ng  compensa to r y  r nechan i sms  a re  ab le  t o  mod i f y  t he  ou tpu t  o f  t h i s  sysEem.
In  add i t i on  we  conc luded ,  t ha t  t he  ne rve  i r npu l se  f l ow  o f  dopam ine rg i c  ce l l s
seems  Eo  be  a  p re requ i s i t e  f o r  t he  e f f ec t  o f  ha lope r i do l ,  mo rph ine  and  oxo t re -
mor ine on str iata l  DA metabol ism, whereas amphetamine and apomorphine are able
to  i n f l uence  s t r i aEa l  DA  me tabo l " i sm  i ndependen t l y  o f  t he  ne rve  impu l se  f l ow .
In Chapter XI  we descr ibed a minor rnodi f icat ion of  the DOPAC and HVA assay by
wh i ch  rhe  am ines  no rad rena l i ne ,  DA  and  3 -me thoxy t y ram ine  cou ld  be  su f f i c i en t l y
pu r i f i ed  on  Sephadex  G l0  co lumns  t o  a l l ow  au toma ted  f l uo r ime t r i c  de tecE ion .
The  me thod  pe rm i t t ed  t he  concu r ren t  measu remen t  o f  no rad rena l i ne ,  DA ,  3 -me tho -
xytyramine,  DOPAC and HVA in mg amounts of  nervous t issue afEer one rapid and
s imp le  i so l a t i on  s tep ,  w i t h  de tec t i on  l im i t s  f a r  be low  manua l  f l uo r ime t r i c
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